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INTEGRATING THE EQUATION OF GRADUALLY VARIED FLOW 


Ven Te Chow,’ A.M. ASCE 


SYNOPSIS 


This paper presents a new method of integrating the equation of gradually 
varied flow in prismatic channels, The salient features developed for the 
method are as follows: 


1) The differential equation of gradually varied flow is integrated under 
given assumptions, resulting in an equation which contains varied flow 
functions belonging to the type same as Bakhmeteff’s varied flow function. 

2) Bakhmeteff’s varied flow function table is expanded to triple its original 
size. 

3) Formulas for hydraulic exponents are derived and curves of the expon- 
ents for rectangular, trapezoidal, and circular channel sections are con- 
structed, 

4) Curves expediting determination of normal and critical depths are pre- 
pared for rectangular, trapezoidal, and circular channel sections, 

5) A brief survey of many existing methods of direct integration is under- 
taken, 

6) A numerical example is given, illustrating the application of the new 
method. 


The new method is found to be accurate, simple, and time-saving for the 
practical application, 


INTRODUCTION 


Solving the gradually varied flow equation by mathematical integration pro- 
vides a direct procedure of flow computation in prismatic open channels. 
Many methods of direct integration have been developed for this purpose. The 
method presented in this paper is the outcome of a study of a number of exist- 
ing methods. The author is aware that the preference of a method depends 
more or less upon the individual taste. Hence, the purpose of this paper is 
simply to introduce a new method of integration supplemented with charts and 
table which the author finds accurate, simple, and time-saving for the practi- 
cal application, 


Equation of Gradually Varied Flow 


In deriving the gradually varied flow equation the following conditions are 
assumed: 


1) The flow is steady; that is, the hydraulic characteristics of flow remain 
constant for the time interval under consideration. 


1, Research Assoc. Prof. of Hydr. Eng. and Member of the Teaching Faculty 


of the Graduate College, Univ. of Illinois, Urbana, Ill. 
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) 


2) The channel is prismatic; that is, the channel has constant alignment 


and shape, 
3) The head loss or energy slope at a section is determined by the Manning 


formula, 

4) The slope of the channel is small so that: (a) the depth of flow is the 
same whether the vertical or normal (to the channel bottom) direction 
is used; (b) hydrostatic distribution of pressure exists throughout the 
depth of flow over a section; and (c) no air entrainment occurs. 

5) The velocity in the direction of flow is uniformly distributed across each 
cross section. Hence, the velocity head in a section is represented by 
v?/2g in which V is the mean velocity of flow in the section, 

6) The conveyance and section factor, to be defined later, are exponential 
functions of the depth of flow. 


Figure 1 represents the flow profile for gradually varied flow in the ele- 
mentary length dx of an open channel. The total head above the datum at the 


upstream section 1 is 


(1) 


Differentiating this equation with respect to x, the following equation is ob- 
tained: 


It is apparent from Fig. 1 that dH/dx is the slope of the energy grade line 
S and dz/dx is the slope of the channel bottom Sp. The slope is considered as 
positive when it declines downstream. Hence, the above equation may be writ- 


ten for dy/dx as 


(3) 


This is the general differential equation of gradually varied flow in an open 
channel, The term dy/dx on the left side of the equation represents the slope 
of water surface with respect to the channel bottom. It should be noted that 
the negative sign preceding the right side of the equation is not usually shown 
in conventional hydraulics textbooks. The negative sign which appears here 
simply results from the application of a rule of sign convention. Ags flow al- 
ways involves a loss of energy, this rule dictates that the loss in head is equal 
to the initial value minus the final value. Hence the friction loss dH is posi- 
tive as shown in the figure. By using this rule, cumini usually arising from 
mathematical derivation of the equation can be avoided. 1) 

By assumption 3, the Manning formula is applied to the gradually varied 
flow at section 1 of the channel in Fig. 1, with a discharge Q, depth of flow y, 


and slope §S; or 


2. Numerals in parentheses, thus: (1) refer to corresponding items in the 
List of References. (See Appendix I) 
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| 

dy___$,-S 
dx = 


where % 1.49 (5) 


in which K is known as the conveyance, A the water area, and R the hydraulic 
radius; all correspond to the depth y. 
If a uniform flow occurs in the channel having the discharge Q, then 


Q = KWS, (6) 


(7) 


_ 1.49 2/3 
K,, ALR, 
in which Kp is the conveyance corresponding to the normal depth of flow yn 


and Sp the slope of the channel bottom. 
Eliminating Q from Eqs. 4 and 6 and solving for S, 


(8) 


If a critical flow of discharge Q occurs, the following expression, accord- 
ing to the theory of critical flow, may be written: 


Q (9) 


where 


Ze = AeNAe/ Te 


in which Ze, is called the section factor, Ac the water area, and T,, the top 
width; all correspond to the critical depth of flow y,, Similarly, the section 
factor for a depth of flow y is expressed as 


Z = AVA/T 


in which A and T are respectively the water area and top width corresponding 
to the depth y. 

Since Q-=VA and dA = Tdy, the second term in the denominator of Eq. 3 
may be developed as follows: 


From Eqs. 9 and 11, the above expression becomes 


dy ‘29 7? (13) 
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Q = KJS (4) 
where 

S = 


Substituting Eqs. 8 for S and 13 for d(V*/2g)/dy in Eq. 3, the following form 
for the equation of gradually varied flow is obtained: 


The Hydraulic Exponents: N and M 


The conveyance K and section factor Z are functions of the depth of flow y, 
and the squares of their values may be expressed as 


(15) 


K* = C, yN 


(16) 


in which C, and C, are coefficients and N and M are hydraulic exponents. 
Equation for N Taking logarithms of both sides of Eq. 15, or 


2 loggK = log,C, + N loggy (17) 


and then differentiating it with respect to y, the following expression is ob- 
tained: 


G(logeK) _ d(logey) _N 


Now, taking logarithms of both sides of Eq. 5 and differentiating it with re- 
spect to y, the following expression is obtained: 


d(logeK) 1 GA, 21 R (19) 
dy Ady 3R dy 


Since dA/dy = T and R = A/P where P is the wetted perimeter. Eq. 19 be- 
comes 


d(log,K) 1 aP 
3, (5T 2R “tL (20) 


Equating the right sides of Eqs. 18 and 20 and solving for N, 


2y _opaP 
N = (ST 
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2 
d 
(14) 
Z 
|| 
and 


This is the general equation for the hydraulic exponent N. For a trapezoidal 
channel section of bottom width b and side slopes z to 1, the values A, T, P, 
and R are 


A = (b + zy)y (22) 


b + 2zy (23) 


(24) 


b + 2yJi+z2 


_ _(b +zy)y (25) 
b +2yJi+z? 


Substituting these expressions in Eq. 21 and simplifying, 


(26) 


This equation indicates that the value of N for the trapezoidal section is a 
function of z and y/b. For values of z= 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 
4.0, a family of curves for N vs. y/b are constructed as shown in Fig. 2.8 
These curves indicate that the value of N varies within a range of 2.0 and 
5.3. 

A curve for circular section with N plotted against y/D, where D is the 
diameter, is also shown in Fig. 2. This curve was developed by a similar 
procedure as mentioned above but constructed from a much more complicated 
formula, The curve indicates that the value of N varies within a rather nar- 
row range for value of y/D less than 0.7 or so, but it increases rapidly as the 
value of y/D becomes greater than 0.7. 

Equation for M Taking logarithms on both sides of Eq. 16 and then dif- 
ferentiating it with respect to y, the following expression is obtained, 


d(loge2) _ M 


27 
dy 2y (27) 


Now, taking logarithms on both sides of Eq. 11 and differentiating it with re- 
spect to y, the following expression is obtained: 


(28) 


Equating Eqs. 27 and 28 and solving for M, 


y A dT 
M = - Tay (29) 


3. These curves for trapezoidal sections have been constructed by Kirpich.(2) 
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This is the general equation for the hydraulic exponent M. For a trapezoidal 
section, A and T in Eq. 29 are substituted respectively with Eqs. 22 and 23 
and the resulting equation is 


7b / 


[1+ +Z(¥ 7b )] 


This equation is plotted for different values of z as shown in Fig. 3. These 
curves indicate that the value of M varies in a range from 3.0 to 5.0. The 
curve for circular section obtained from a more complicated formula is also 
shown in Fig. 3. This curve shows that the value of M decreases rapidly as 
the depth of flow approaches the top of the conduit. 


Integration of the Gradually Varied Flow Function 


From normal depth yp and critical depth yc, the corresponding squares of 
hydraulic exponents from Eqs. 15 and 16 are K - c, yN and 22 = cite 


Substituting these equations and Eqs. 15 and 16 in Eq. 14, the gradually varied 
flow equation becomes 


dy 1 


ax | (Ye (31) 
Let u = y/yn, the above equation may be expressed as 
N-M 
Jn M U 
ax =- + —— | du 
1-uN ] (32) 


This equation can be integrated for obtaining the length x of the flow surface 
curve under consideration, For a profile of gradually varied flow the change 
in depth within the reach under consideration is generally small, It may be 
assumed that the hydraulic exponents are independent of y within the range of 
the integrating limits. However, in cases where the hydraulics exponents are 
noticeably dependent on y within the limits of a given reach, the reach should 
be subdivided and the hydraulic exponents in each subdivided reach are as- 
sumed constant. By integrating Eq. 32, the following equation is obtained: 


uN- M 
o (33) 


[u- Ne + (Ye/Yn)™ 


+ A CONSTANT 


The first integral in the right side of the above equation is designated by 


F(u,N), or 
u 
F(u,N) = 
(34) 
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which is known as the varied flow function, 

The second integral in Eq. 33 may also be expressed in the same form of 
the preceding varied flow function. Let v = uJ and J = N/(N-M +1), this inte- 
gral can be transformed as 


J dv ig (35) 
in which vq 
F(v,J)= f— 
o (36) 


This is a varied flow function same as F(u,N) except that the variables u and 
N are replaced by v and J respectively. 
Using the notations for varied flow functions, Eq. 33 may be written as 


x = [U-F(U,N) + 
‘ (37) 


+ A CONSTANT 


in which u = y/y,, v = wu’, J = N/(N-M+1) and F(u,N) and F(v,J) are varied 
flow functions. 

By Eq. 37, the length of water surface curve between two sections 1 and 2 
is equal to 


L = 


2 [F(4,N) - F(U2,N)] (38) 
+ S/N) [F(v,,J)- F 


in which the subscripts 1 and 2 refer to sections 1 and 2 correspondingly. 
Existing Methods of Integration 


The differential equation of gradually varied flow cannot be expressed ex- 
plicitly in terms of y for all types of channel cross section, and hence, a 
direct and exact integration of the equation is practically impossible. Many 
attempts have been made either to solve the equation for few special cases or 
to introduce certain assumptions, making the equation amenable to a mathe- 
matical integration. Table 1 is a list of many existing methods of direct inte- 
gration, arranged chronologically. Although the list is incomplete, it provides 
a general idea on the development of cirect integration method for the solu- 
tion of the gradualiy varied flow equation. It is noted that most of the early 
rmethods were developed for channels of a specific channel cross section; 
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while recent solutions, since Bakhmeteff, were designed for channels of all 
shapes. Most early methods use Chezy’s formula, whereas later methods use 
Manning’s formula. 

In the Bakhmeteff method‘13) the channel length under consideration is 
divided into short reaches, The change of kinetic energy in each short reach 
is assumed constant, and the integration is carried out by Steins of short range. 
With an attempt to improve Bakhmeteff’s method, Mononobe introduced 
two assumptions for hydraulic exponents. By these assumptions the effects 
of changing velocity, friction head, and channel shape are taken into account 
integrally without any necessity of dividing the channel length into short 
reaches, Thus, the Mononobe method affords a more direct and accurate com- 
putation procedure whereby results can be obtained without recourse to suc- 
cessive steps. In applying this method to practical problems, however, it 
will be found that the first assumption is not very satisfactory; hence, an er- 
ror in the results may be introduced by assuming the wetted perimeter to be 
a monomial function of the depth. The chief drawback in this method perhaps 
lies in the difficulty in using the charts which are not accurate enough for 


practic se. 

Lee16)(17) and von seggern'18) suggested new assumptions which result 
in more satisfactory solutions. The Von Seggern method introduces a new 
varied flow function in addition to the function used by Bakhmeteff, and hence, 
an additional table for the new function is required. The Lee method, however, 
is similar to the present method, involving varied flow functions of the 
Bakhmeteff type. 

All the above methods assume constant hydraulic exponents. This assump- 
tion is satisfactory to obtain approximate solutions for flow in most open con- 
duits. The closed conduit presents a different situation in which the hydraulic 
exponents vary rapidly as the water depth approaches the crown, (for example, 
see Figs, 2 and 3 for circular conduit) thus warp | e basic assumption 
inapplicable. For circular conduits, Keifer and Chu 9 proposed a method of 
exact integration, For other shapes of closed channel sections, this method 
may be used, but different tables and charts are required. 


The Table of Varied Flow Function 


Solution of Eq. 38 is simplified by the use of a table of the varied flow 
function, The preparation of this table was undertaken and performed for the 
first time during 1914 to 1915 by the Research Board of the then Russian 
Reclamation Service under the direction of Boris A. Bakhmeteff, then Profes- 
sor of General and Advanced Hydraulics at Polytechnic Institute Emperor 
Peter the Great, St. Petersburg, Russia. It was told that the work involved a 
long and tedious procedure.(13) In the turmoil of the Russian Revolution in 
1917, the table so computed becaroe unavailable, so the task of computing was 
done over agair by Professor Kholodovsky and partly by Dr. Pestrefov. The 
recomputed table was more precise and complete, covering a range of N 
from 2.8 to®.4. This table was published in 1932(13) when the author, 
Bakhmeteff, was Professor of Civil Engineering at the Columbia University. 
The value of the variable J in Eq. 36 usually covers quite a broad range. 
The varied flow function table is therefore expanded to cover a range of N 


4. Meth $ of computing the varied flow function table are explained in 
Bakhmeteff’s “Hydraulics of Open Channels” (13) pp. 303-305. A negative 
sign should be placed in front of the right side of the equation as printed 

on the bottom of p. 305, 
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from 2.2 to 9.8, almost triple the original size. This expanded table® is in- 
cluded in the present paper as Table 2. It should be noted, however, that the 
accuracy of the present method will depend on determining accurate values 

of the varied flow function from this table. In order to attain a higher degree 
of accuracy, the figures presented in the table should be carried to four or 
five decimal places and the interval of N should be reduced. It is believed 

that this refinement can be achieved with the aid of an electronic digital com- 
putor, whereas the manual computation will become undoubtedly impracticable. 


Application of the Method 


The surface profile of a gradually varied flow can be determined by the 
method presented herewith. The channel under consideration is first divided 
into a number of reaches. Then, the length of each reach is computed by Eq. 
38 from known or assumed depths. The procedure of computation is as fol- 
lows: 

1) Compute the normal depth y, and critical depth y- from the given data 
Q and Sp. For rectanguiar, trapezoidal, and circular channels, these depths 
may be determined by means of Figs. 4 and 5. 

Compute Ky, = Q/ {S, from Eq. 6, ApR?/3 = n Kp/1.49 from Eq. 7, and 
then AnR2/3 / p?/3_ From Fig. 4, find the corresponding ratio y/b or y/D. 
Multiplying this ratio by b or D, the normal depth is obtained. 


Compute Z, = Q//g from Eq. 9, and the value of z./v". From Fig. 3, 
find the corresponding ratio y/b or y/D. Multiplying this ratio by b or D the 
original depth is obtained. 

2) Determine the hydraulic exponents N and M for an estimated average 
depth of flow in the reach under consideration, 

For rectangular, trapezoidal, and circular channels, values of N and M 
may be obtained directly from the curves of Figs. 2 and 3. It should be noted 
that values of hydraulic exponents vary rapidly as the depth of flow approaches 
the crown of the closed conduit, such as a circular conduit. In this situation, 
short reaches should be taken in the computation, 

For channel sections other than those given in Figs. 2 and 3, the values of 
N and M may be determined by Eqs, 21 and 29. Approximate values, however, 
may be obtained from the following formulas: 


N = K 7K) _ (39) 
109 19 (Y / Yn) 


M=2 logig(Z/Ze) 
and logig (40) 


in which K and Z correspond to the average depth y or other depth of flow in 
the channel, These formulas can be easily derived from Eqs. 15 and 16, 


5...Values in Bakhmeteff’s table were checked and several errors were found, 
This table, covering the range of N from 2.8 to 5.4,is reproduced in Table 
2 with the errors corrected, The permission for reproduction of this por- 
tion of table values was granted by the publisher, McGraw-Hill Book Com- 
pany, Inc. of New York on December 3, 1954. 
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The hydraulic exponents may also be determined by a graphical method. 
This involves a logarithmic plotting of K and Z as ordinates against the depth 
y as abscissa. The hydraulic exponent is equal to twice the slope of the plot- 
ted straight line. For depth approaching the crown of a closed conduit, the 
plot appears as a curve, and the hydraulic exponent is equal to twice the slope 
of the tangent to the curve at the given depth. 

3) Compute J by J = N/(N-M+1). 

4) Compute values of u = y/y, and v = uJ at two end sections of the reach. 

5) From the varied flow function table, Table 2, find values of F(u,N) and 
F(v,J). 

6) Compute the length of the reach by Eq. 38. 

The above procedure is illustrated by the following example: 

Example In a trapezoidal channel, having Q = 400 cfs., b = 20 ft., z = 2, 
So = 0.0016, and n = 0.025, a depth of flow of 5 ft. occurs just upstream of a 
dam, Determine the length of the backwater curve extending from the dam 
site to an upstream section where the depth of flow is 1 per cent greater than 
the normal depth. 

Solution 1) Substituting the given data in Eq. 6, K, = 400 / {0.0016 = 


10,000. By Eq. 7, A,R2/ 3_ (0,025 x 10,000)/1.49 = 167.7. The value of 


A,R2/5 / p®?/3 = 0.0569. From Fig. 4, it is found that y,,/b = 0.168 or 
Yn = 3.36 ft. 2.5 

From Eq. 9, Ze = 400/f/g = 70.5. The value of Z,/b°** = 0.0394. From 
Fig. 5, it is found that y,/b = 0.108 or yo = 2.16 ft. 

2) The depth at the downstream end of the backwater curve is y, = 5 ft. 
At the upstream end, it is yg = 1.01 x 3.36 = 3.40 ft. The average depth may 
be taken as 4.20 ft, and y/b =0.21. From Figs. 2 and 3, the hydraulic expon- 
ents are found to be N = 3.65 abd M = 3.43. 

3) The value of J = 3.65/(3.65-3.43+1) = 2.99. 

4) For each section, values of u and v are computed as given in the second 
and third columns of the following table: 


y u Vv F(u,N) F(v,J) 
5.00 1.488 3.280 0.148 0.049 
3.40 1.012 1.036 1.025 1.010 
Diff.: 0.476 -0.877 -0.961 


5) The varied flow functions F(u,N) and F(v,J) are obtained from Table 2 
and given in the fourth and fifth columns of the above table. 

6) In Eq. 38, y,/Sq = 2,100 and (y,/yn)M(J/N) = 0.180, The length of the 
backwater curve is therefore 


L = 2,100 [ 0.476-(-0.877) +(0.180)(-0.961)| = 2,480 ft. 
CONCLUSIONS 


The method presented in this paper has the following features: 

1) The effect of change in kinetic energy is considered. 

2) The method is applicable to channels of any shape. For depth of flow 
approaching the crown of a closed conduit, the hydraulic exponents can be ob- 
tained from curves,and short reaches should be taken in the computation for 
desired accuracy. 
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3) The resulting equation of integration contains single-type flow functions. 
Hence, only a single table is necessary for their evaluation. 

4) The varied flow function table covers a sufficiently wide range for ex- 
tended applications. 

5) By the use of curves, determination of hydraulic exponents and the nor- 
mal and critical depths are simplified for rectangular, trapezoidal, and circu- 
lar channel sections which are most frequently encountered. Curves could be 
prepared as needed for other channel shapes. 

6) Because only a single-type varied flow function is involved, and the pro- 
cedure is expedited by the use of charts and table,® the new method is found 
to be simple and time-saving. 
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APPENDIX II. NOMENCLATURE 


The following letter symbols are adopted for use in the paper: 
A the water area of a cross section, in sq, ft. 
Ac the water area at critical depth, in sq. ft. 
An the water area at normal depth, in sq. ft. 
b bottom width of a trapezoidal section, in ft. 
C;, C2 numerical coefficients of a formula. 
D_ diameter of a circular conduit, in ft. 


e the base of natural logarithms. 


F(u,N) & NT’ varied flow function. 
l-u 

F(v,J) varied flow function. 
l-v 


gravitational acceleration, 


N/(N-M +1), a variable in the varied flow function F(v,J). 


g 

H__ the total head of flow in a cross section above a datum, in ft. 
J 

K AR2/3 


, the conveyance of a cross section. 
K, the conveyance at normal depth. 


L__length of a channel reach, in ft. 
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—— 


the hydraulic exponent for section factor. 
numerical exponent in a velocity formula. 

the hydraulic exponent for conveyance. 
Manning’s coefficient of roughness. 

the wetted perimeter of a cross section, in ft. 
numerical exponent in a velocity formula, 


discharge in cfs. 


E 


the hydraulic radius of a cross section, in ft. 


5 


the hydraulic radius at normal depth, in ft. 
Slope of the energy grade line. 
longitudinal slope of the channel bottom. 


the top width of the water area, in ft. 
the top width at critical depth, in ft. 


average velocity of flow in a section, in fps. 


u, a variable in the varied flow function F(v,J). 


distance along the channel bottom from an arbitrary origin, in 
ft., measured either downstream or upstream, 


depth of flow, in ft. 

critical depth of flow, in ft. 

A (A/T, the section factor of a cross section, 
the section factor at critical depth. 


elevation of the channel bottom above a datum, in ft.; or the 
horizontal projection of the side slope of a trapezoidal channel 
when the vertical projection is unity; or a variable in Baticle’s 
method, 
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Table 2 - The Veried Flow Function Table (p.l of 12) 


N 


0.00 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 
0.02 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 
0004 00040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
006 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 
0.08 0,080 0,080 0.080 0.080 0.080 0,080 0,080 0,060 0,08 0,080 


0.10 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 
Ool2 06120 06120 06120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 
Osld 06140 06140 06140 06140 06140 06140 06140 06140 06140 0.140 
0.16 Osl6l 0.162 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 
O18 0.181 0,181 0.181 0.180 0.180 0.180 0.180 0.180 0.180 0.180 


0220 06201 06201 06201 04200 0.200 0.200 0.200 0.200 0.200 
0022 06223 00222 06221 06221 06221 06220 06220 06220 0.220 0.220 
00243 06241 06240 06240 02240 0-240 
0626 06265 00263 06262 0.262 0.261 0.261 0.261 0.260 0.260 0.260 
0.286 0.284 0.283 0.28 0.282 0.281 0.281 0.281 0.280 0.280 


0630 04307 06305 0.304 0.303 0.302 0.302 0.301 0.301 0.301 0.300 
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0032 06329 05326 06325 06324 06323 0.322 0.322 0.321 0.221 0.321 
0034 06351 00348 00346 06344 06343 06343 00342 00342 06341 0-341 
0636 00372 06369 06367 06366 06364 02363 0.363 0.362 0.362 0.361 
0238 0.395 06392 0.389 0.387 0.385 0.384 0.383 0.383 0.382 0.38 
Oc418 O.414 Ochll 0.408 0.407 02405 02404 04403 0.403 
00433 00430 06428 00426 00h25 00424 00423 02423 
0e460 00456 06452 00450 00445 00444 04443 
06489 06483 06479 06475 06470 06468 00466 00465 06464 
Oc48 06514 06507 06502 Och497 00494 e492 06489 06488 0.486 0.485 
0650 06539 06531 06525 0.521 06517 06514 06511 04509 0.508 0.506 
0652 06565 06597 06550 06544 00540 04536 06534 06531 06529 0.528 
0654 06592 06582 06574 06568 04563 06559 06556 06554 06551 0.550 
0.56 06619 0.608 0.599 02593 00587 00583 00579 00576 00574 0572 
0058 06648 0.635 0.626 0.618 0.612 0.607 0.603 0.599 0.596 0.594 
0.60 06676 0.663 0.653 0644 0.637 0.632 0.627 0.623 0.620 0.617 
O61 06691 06678 06667 06657 02650 06644 02639 0635 0.631 0.628 
0662 0.706 0692 0.680 0.671 0.663 0.657 0.651 02647 02643 0.640 
063 06722 06707 02694 02684 0.676 02669 0.664 0.659 0.655 0.652 
0064 04738 06722 0.709 06698 0.690 0.683 0.677 06672 0.667 0.664 
0665 06754 06797 06724 00712 04703 02696 02689 0.68, 0.680 0.676 
0666 06771 06753 06738 0.727 0.717 0.709 0.703 0.697 0.692 0,688 
067 06787 06769 06754 00731 06723 06716 06710 0.705 0.701 
O68 06804 06785 06769 06757 06746 06737 06729 0.723 0.718 0.713 
0669 06822 0.804 06785 0.772 0.761 06751 06743 00737 06731 0.726 


Table 2 = The Varied Flow Function Table (p.2 of 12) 


22 2.4 26 34 36 38 


0.840 0.819 00757 00750 
0.858 0.836 06772 06764 
0.878 807 0.786 0.779 
0.898 0.802 

0.918 0.817 


0.940 0.833 
0.961 0.849 
0.985 0.866 
1.007 896 0.883 
1.031 0.91 


1.056 0.919 
1.083 0.938 
1.110 0.958 
1.139 0.979 
1.171 1.001 


1.201 1.024 
1.238 068 1,048 
1.272 182 2 1.074 
1.314 1.101 
1.357 1.131 


1.401 1.163 
1.197 
1.236 
1.279 
1.328 


1.385 
1454 
1.543 
1.598 
1.666 


1.812 \1.752 
1.940 1.873 
22159 2.079 
20663 26554 
oo 


u 8 
0.70 0.739 
0.71 0752 
0.72 0 «766 
0.73 0.780 
0.74 0.794 
0.75 0.83 0.815 0.808 
0.76 0.839 0.830 0.823 
0.77 0.855 0.846 0,838 
0.78 0.872 0.862 0,854 
0.79 0.889 0.879 0.870 
0.80 0.907 0.896 0.887 
0.81 0.925 0.914 0.904 
0.82 0.945 02932 0.922 
0.83 02965 0.952 0.940 
0.84 0.985 0.972 0.960 
0 85 1.007 0.993 0.980 
0.86 1.031 1.015 1.002 
0.87 1.055 1.039 1,025 
0.88 1.081 1.064 1.049 
0.89 1.110 1.091 1.075 
0.90 1.140 1.120 1.103 
0.91 1.173 1.18 1.133 
0.92 1.210 1,187 1.166 
0.93 1.251 1.226 1.204 
0.94 1297 1.270 14246 
0.950 14737 14652 1.58 1.518 1.467 1.4423 1.352 1.322 1.2% 
0.960 1.833 14741 1.665 1.601 16545 1.497 1.417 1.38 1.355 
0.970 1.969 1.866 1.780 1.707 1.644 1.59 1.501 1.464 1.431 
06975 22055 1.945 14853 16773 146707 1.4649 1.554 14514 1.479 
06980 26164 26045 1.6946 12855 1.783 1.720 1.617 16575 14536 
0.985 26294 26165 2.056 1.959 1.880 1.69 1.652 1.610 
0.990 26477 26333 26212 2.106 2,017 1.814 1.761 1.6714 
0.995 26792 2.621 26478 2.355 2.4250 2008 1.945 1.4889 
0.999 32523 329 3.097 2.931 2.788 20457 263770 2.293 
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Table 2 = The Varied Flow Function Table (p.3 of 12) 


u 22 204 26 2.8 3.0 32 36 3.8 40 
1001 3.317 2.931 2.640 2.399 2.184 2.008 1.856 1.725 1.610 1.508 
1.005 2.587 2626 2022 1.818 1.69 1.506 1.384 1.279 1.188 1.107 
1010 926273 16977 16757 16572 16419 1.291 1.182 1.089 1.007 0.936 
1.015 2.090 1.807 1.602 1.428 1.28 1.166 1.065 0.978 0.02 0.836 
1.020 1.961 16711 1.493 146327 1.191 1.078 0.962 0.900 0.828 0.766 
1.03 16779 16531 16340 16186 1.060 0.955 0.866 0.790 0.725 0.668 
1604 16651 1.410 1.232 1.086 0.967 0.868 0.785 0.714 0.653 0.600 
1605 16552 146334 16150 1.010 0.896 0.802 0.723 0.656 0.598 0.548 
1.06 16472 16250 1.082 0.948 0.838 0.748 0.672 0.608 0.553 0.506 
1.07 1.404 16195 1026 0.896 0.790 046703 0.630 0.569 0.516 0.471 
1008 16346 16139 06978 0.851 06749 00665 02595 00535 00485 0.441 
aed i 1.9 1295 1.089 0.935 0.812 0.713 0.631 0.563 0.506 0457 0.415 
1610 16250 1,050 06897 06777 00681 0.601 06536 02.480 02433 0.392 
- 16209 16014 00864 0.746 00652 026575 06511 00457 0.411 0.372 

- 16172) 06981 06833 0.718 0.626 06551 00488 06436 06392 0.354 
1e13 16138 04950 0805 06692 0.602 04529 00468 00417 06374 04337 
16107) 06921 06780 0.669 06581 06509 0.450 00400 0.358 0.322 
1615 16078 0892 06756 06647 00561 00490 0432 06384 0.343 0.308 
1616 0.870 06734 00627 06542 00473 00417 06369 06329 0.295 
1617 1.6027 00850 06713 0c608 06525 00458 0.402 0.356 0.317 0.283 
1618 1003 00825 06694 06591 06509 06443 0.388 0.343 0.305 0.272 
1619 «0,981 0.810 0.676 06574 0494 00429 06375 06331 0.294 0.262 
1220 00.6960 06787 00659 00559 00480 06416 06363 06320 0.283 0.252 
1622 06922-06755 06531 00454 06392 00341 06299 06264 0.235 
124 068687 04725 0.600 02505 00431 06371 06322 0.281 0.248 0.219 
1026 06692 00574 06410 0.351 0.304 06265 0.233 0.205 
1628 0. B27 00666 06551 00461 06391 02334 0.288 0.250 0.219 0 193 
1030 0 00530 Oed42 00773 06318 06274 04237 0.207 0.181 
16322 e775 0.625 06510 00357 06304 06260 0.225 0.1% 0.171 
10324 752 00605 06408 0.342 026290 0.248 0.214 0.185 0.162 
1636 00588 06475 00393 00329 06278 0.237 00204 0.176 0.153 
1638 06710) 06567 06459 06378 00716 06266 02226 0.194 0.167 0.145 
1640 06548 00365 06304 06256 06217 06185 0.6159 0.138 
00533) 00431 06353 06293 0.246 0.208 0.177 0.152 0.191 
1044 e658 00517 00417 06341 06282 0.236 0.199 0.169 0.145 0.15 
06505 0.405 0.990 0.273 0.227 0.191 0.162 0.139 0.119 
148 0627-00493 039K 06263 0.219 0.184 0.156 0.133 0.113 
1650 06613 0.480 0.383 0.310 0.255 0.211 0.177 0.149 0.127 0.108 
1655 06580 06451 06358 06268 0.235 0.194 Ocl6l 0.135 0.114 0.097 
160 0655100425 06335 06269 0.218 0.179 0.148 0.123 0.103 0.087 
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Table 2 - The Varied Flow Function Table (p.4 of 12) 


30 32 3h 306 
0.165 


— 
a 22 2 4 2 6 2.8 3.8 40 
1.65 0.525 0.402 0.316 0.251 0 0.094 0.079 
1.70 02501 0.381 0.298 0.236 0.189 0.153 0.125 0.103 0.08 0.072 n 
2075 06362 06282 0.222 06177 06143 0.116 0.095 0.079 0.065 
1.8 0460 0.349 0.267 0.209 0.166 0.133 0.108 0.088 0.072 0.060 
1.85 Oeh42 06332 06254 06198 0.156 0.125 0.100 0.082 0,067 0.055 
1.90 Oe425 06315 06242 0.188 0.147 0.09% 0.076 0.062 0.050 
1.95 00409 02304 0.231 0.178 0.139 0.110 0.088 0.070 0.057 0.046 
200 00395 06292 0.221 0.169 0.132 0.104 0.08 0.066 0.053 0,043 
2.10 0.369 0.273 0.202 0.154 0.119 00% 0.073 0.058 0.046 0.037 
2.20 02346 02253 0.186 0.141 0.107 0.083 0.065 0.051 0.040 0.032 
2.3 00326 0.235 0.173 0.129 0.098 0.075 0.058 0.045 0.035 0.028 
2h 0.308 04.220 0.160 0.119 0.089 0.068 0,052 0.040 0,031 0.024 
265 0.207 0.150 0.110 0.082 0.062 0.047 0.036 0,028 0.022 
26 00277 06197 0.140 0.102 0.076 0.057 0.043 0.033 0.025 0019 
2.7 02264 0.188 131 0.095 0.070 0.052 0.039 0.029 0,022 0.017 
2.8 0252 06.176 0.124 0.089 0.065 0.048 0.036 0.027 0,020 0.015 
2.9 0.241 0.166 0.117 0.083 0.060 0.044 0.033 0.024 0.018 0.014 
30 00230 0.159 0.110 0.078 0.056 0.041 0.030 0.022 0.017 0,012 
3.5 0.190 0.126 0.085 0.059 0.041 0.029 0.021 0.015 0.011 0,008 
40 0.104 0.069 0.046 0.031 0.022 0.015 0.010 0.007 0.005 
4e5 0.139 0.087 0.057 0.037 0.025 0.017 0.011 0.008 0.005 0.004 
50 00122 0.076 0.048 0.031 0.020 0.013 0.009 0,006 0.004 0,003 
6.0 0.096 0.060 0.036 0.022 0.01, 0.009 0.006 0.004 0.00% 0,0@ 
7.0 0.081 0.048 0.028 0.017 0.010 0.00 0.004 0.0@ 0.0@ 0.0m 
8.0 0.069 0.040 0.022 0.013 0.008 0,005 0.003 0,02 0.001 0.001 
90 0.060 0.034 0.019 0.011 0.006 0.004 0.0 0001 0,001 0.000 
10.0 0.053 0.028 0.016 0.009 0.005 0.003 0.0@ 0.001 0.001 0,000 
20.0 0.023 0.018 0.011 0.006 0.002 0.001 0.001 0.000 0.000 0,000 
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Table 2 - The Varied Flow Function Table (p.5 of 12) 


0.00 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 
: 0.02 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.00 0.020 
0.04 02040 0.040 0,040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
0.06 0.060 0.0600 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 
0.08 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.080 
0.10 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 
0.12 0e120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 
014 06140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 
0.16 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 
0.18 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180 
0.20 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 
0.22 06220 06220 06220 06220 06220 06220 0.220 0.20 0.220 0.220 
06240 0240 06240 0.240 06240 06240 06240 0.240 0.240 
0.26 0.260 06260 0.260 0.260 04260 0.260 0.260 0.260 0.260 0.260 
0.28 06280 06280 0.280 0.280 0.280 0.280 0.280 0.280 0.280 0,280 
0.30 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 
0.2 06320 06320 0.320 0.320 02320 04320 0.320 0.320 0.220 
0634 BAL 06340 06340 06340 06340 04340 04340 04340 0.340 0.340 
02361 04361 0.360 0.360 0.360 0.360 0.360 0.360 0.360 0.360 
0.38 0.381 0.381 0.381 0.380 0.380 0.380 0.380 0.380 0.380 0.380 
0.40 0e402 06401 0.401 0.400 0.400 0.400 0.400 0.400 0.400 0.400 
0.42 Oeh421 06420 06420 06420 00420 02420 0.420 
046 06.462 06462 06461 0.461 02461 02460 04460 0.460 0.460 
0.48 00484 06483 0.482 0.481 0.481 0.481 0.480 0.480 0.480 0.480 
0.50 0.505 0.504 0.503 0.502 0.501 0.501 0.501 0.500 0.500 0.500 
0.52 06527 06525 06523 06522 06522 06521 04521 06521 02520 0.520 
0.54 00548 06546 00544 00543 06542 00542 06541 06541 02541 0.541 
056 00570 06567 06565 0.564 0.563 06562 0.562 0.561 0.561 0.561 
0.58 0.589 06587 0.58 0.583 04583 0.58 0.582 0.581 0.58 
0.60 0614, 02611 0.608 0.606 0.605 0.604 0.603 0.602 0.602 0.601 
0.61 0-626 0622 0.619 0.617 0.615 0.614 0.613 0.612 0.612 0.611 
0.62 0637 02633 02630 0.628 0.626 06625 0.624 00623 0.622 0.622 
0.63 0649 06644 Oc641 02638 02636 02635 02634 0.632 0.632 0.672 
0.64 00661 0656 06652 06649 06647 0c646 06645 00644 06643 0-642 
0065 00673 06667 06663 0660 06658 0.656 06655 06654 02653 02653 
0.66 06685 06679 00675 06672 06669 02667 0.666 04665 02664 02663 
0.67 0697 02691 0.686 06683 0.680 0.678 0.676 0.675 0.674 0.673 
0.68 02709 06703 Oc698 06694 00691 0.689 02687 0686 0.685 0.684 
0.69 06722 06715 06710 04706 04703 06700 0.698 0.69% 0.695 0.694 
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Table 2 - The Varied Flow Function Table (p.6 of 12) 


0.70 06735 O6727 06722 06717 06714 06712 0.4710 0.708 0.706 0.705 
0.71 06748 06740 06734 06729 06726 0.723 06721 0.719 0.717 0.716 
0.72 0.761 06752 06746 0.741 06737 06734 0.732 0.730 0.728 0.727 
0.73 Oe774 06765 06759 06753 00749 06746 06743 06741 06739 0.737 
0.74 06788 06779 06771 06766 06761 06757 0.754 06752 0.750 0.748 
0.75 0.802 0.792 06784 0.778 06773 06769 0.766 04763 0.761 0.759 
0.76 0.817 0.806 0.798 0.791 0.786 0.782 0.778 0.775 0.773 0.771 
0.77 0.831 0.820 0.811 0.804 0.796 0.794 0.790 0.787 0.784 0.78 
0.78 0.847 06834 0.825 0.817 0.811 0.806 0.802 0.799 0.796 0.794 
0.79 0.862 0.849 0.839 0.831 0.824 0.819 0.815 0.811 0.808 0.805 
0.80 0.878 0.865 0.854 0.845 0.838 0.832 0.828 0.823 0.80 0.818 
0.81 0.895 0.881 0.869 0.860 0.852 0.846 0.841 0.836 0.833 0.830 
0.82 0.913 0.897 0.885 0.875 0.866 0.860 0.854 0.850 0.846 0.842 
0.83 0.931 0.914 0.W1 0.890 0.881 0.874 0.868 0.863 0.859 0,855 
0.84 0.949 06932 0.918 0.06 0.897 0.889 0.882 0.877 0.872 0.868 
0.85 0.969 0.950 0.935 0.923 0.912 0.905 0.898 0.891 0.887 0,882 
0.8 0.990 0.970 0.954 0.940 0.930 0.921 0.913 0.9106 0.901 0.896 
0.87 1.012 0.990 0.973 0.959 0.947 0.937 0.929 0.922 0.916 0.911 
0.88 1.035 1.012 0.994 0.978 0.966 0.955 0.946 0.938 0.932 0.927 
0.89 1.060 1.035 1.015 0.999 0.986 0.974 0.964 04956 0.949 0.943 
0.9” 1.087 1.060 1.039 1.021 1.007 0.994 0.984 0.974 0.967 0.960 
0.91 1.116 1.08 1.064 1.045 1.029 1.016 1.003 0.995 0.98 0.979 
0.9 1.148 1.117 1.092 1.072 1.054 1.039 1.027 1.016 1.006 0.999 
0.93 1.18 1.151 1.123 1.101 1.08 1.065 1.050 1.040 1.029 1.021 
0.94 1225 16188 1.158 1.134 1.113 1.095 1.080 1.066 1.054 1.044 
0.950 1.272 1.22% 1.199 1.172 1.148 1.1228 1.111 1.097 1.08 1.073 
0.960 16329 1.285 1.248 1.217 1.188 1.167 1.149 1.133 1.119 1.106 
0.970 1.6402 1.351 1.310 1.275 1.246 1.319 1.197 1.179 1.18 1.148 
0.975 1.447 16393 1.348 1.311 1.280 1.250 1.227 1.207 1.190 1.173 
0980 1.502 1.6443 16395 16354 146339 1.288 16262 1.241 1.221 1.204 
0.985 16573 146508 14.454 12409 1.6372 1.337 1.309 16284 1.263 1.243 
06990 1.671 146598 16537 16487 10404 16373 16344 16319 1.297 
0.995 1.838 1.751 1.678 1.617 14565 1.519 16479 16451 1.416 1.388 
00999 926223 2.101 2,002 1.917 1.845 1.780 1.725 1.678 1.635 1.5% 
1,000 @ @ @ @ @ @ 
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Table 2 - The Varied Flow Function Table (p.7 of 12) 


42 Lb 50 


1.417 1264 
1.0% 0.915 
0.873 
0.778 


0.618 
06554 
0.504 
02464 
0.431 


0.403 
0.379 
0.357 
0.338 
0.321 


0.305 
0291 
0.278 
0266 
0.255 


0.235 
0226 
0.209 
0.195 


0.182 


1.001 1.138 1.033 0.951 0.870 0.803 0.746 0.697 0.651 
1.006 0817 06737 06669 0-612 0.553 0.526 0.481 0.447 
1.010 00681 06551 02502 00459 02389 0.360 
1.015 0602 06537 0483 0.440 02399 0.366 0.336 0.310 
1.02 06546 00486 0436 06394 04358 06327 0.300 0.276 
1.03 00535 06469 Oc415 0.370 0.333 02300 0.272 0.249 0.228 
1.04 00477 06415 00365 06324 0.290 0.2 0.23% 0.214 0.1% 
1.05 06374 02328 0.289 02259 0.2% 0.208 0.189 0.174 
1.06 00396 00342 06298 0.262 0.233 0.209 0.187 0.170 0.154 
a 1.07 0.366 0.315 0.273 0.239 0.212 0.19 0.168 0.151 0.136 
1.08 00341 06292 06252 06220 0.194 06172 0.153 0.137 0.123 
1.09 00319 0.272 0.234 0.204 0.179 0.158 0.140 0.125 0.112 
1.10 06299 0254 06218 0.189 0.165 0.146 0.129 O14 0.102 
1.11 06282 06239 06204 06176 16154 0.135 0.105 0.09% 
0267 0.225 0.165 0.143 02125 0.110 0.097 0.08% 
1.13 0.253 O212 0.181 0.155 00135 0.117 0.102 0.090 0.08 
1.14 0.240 0.201 0.170 0.146 0.126 0.109 0.095 0.084 0.074 
1.15 0.229 0.191 0.161 0.177 0.118 0.1 0.089 0.078 0.068 
1.16 0.218 0.181 0.153 0.130 0.111 0.096 0.084 0.072 0.064 
1.17 0208 0.173 00145 0123 0.105 0.090 0.078 0.068 0.060 
1.18 0.199 0.165 0.138 0.116 0.099 0.085 0.073 0.063 0.055 
1.19 0.191 0.157 O12 0.110 0.094 0.080 0.068 0.059 0.051 
1.20 0.183 0.150 0.215 0.105 0.088 0.076 0.064 0.056 0.048 
ses 1.22 0.168 0.138 0.114 0.095 0.080 0.068 0.057 0.049 0.042 
1.24 0.156 0.127 0.104 0.08% 0.072 0.060 0.051 0.044 0.038 
1.26 MM 0.145 206117 0.095 0.0799 0.065 0.055 0.046 0.039 0.033 
1.28 0.170 0.135 0.108 0.088 0.072 0.060 0.050 0.041 0.035 0.030 
1.30 0.160 0.126 0.100 0.081 0.066 0.054 0.045 0.037 0.031 0.026 
1% 0.150 0.118 0.093 0.075 0.061 0.050 0.041 0.034 0.028 0.024 
1.34 O.142 0.110 0.087 0.069 0.056 0.045 0.037 0.030 0.025 0.021 
1.3% 0.134 0.103 0.081 0.064 0.052 0.042 0.0% 0.028 0.023 0.019 
1.38 0.127 0.097 0.076 0.060 0.048 0.038 0.032 0.026 0.021 0.017 
1.40 0.120 0.092 0.071 0.056 0.044 02036 0.028 0.023 0.019 0.016 
1.42 0.114 0.087 0.067 0.052 0.041 0.033 0.026 0.021 0.017 0.014 
1.44 0.108 0.08 0.063 0.049 0.038 0.030 0.024 0.019 0.016 0.013 
7 1.46 0.103 0.077 0.059 0.046 0.03%6 0.028 0,022 0.018 0.014 9.012 
1.48 0.098 0.073 0.056 0.043 0.033 0.026 0.021 0.017 0.013 0.010 
1.50 0.093 0,069 0.053 0.040 0.031 0.024 0.020 0.015 0.012 0,009 
1.55 0.083 0.061 0.046 0.035 0.026 0.020 0.016 0.012 0.010 0.008 
1.60 0.074 02.054 0.040 0.030 0.023 0.017 0.013 0.010 0.008 0.006 
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0.067 
0.060 
0.054 
0.049 
0.045 


0.041 
0.038 
0.035 
0.030 
0.025 


0.022 
0.019 


Table 2 - The Varied Flow Fimction Table (p.8 of 12) 


46 


0.048 
0.043 
0.038 
0.034 
0.031 


0.028 
0.026 
0.023 
0.019 
0.016 


0.014 
0.012 
0.010 
0.009 
0.008 


0.007 


5.0 


0.035 
0.031 
0,027 
0.024 
0,022 


0.020 


5 
0.026 


6.6 


0.011 
0.009 
0.008 
0.007 
0.006 


0.005 
0.004 
0.004 
0.003 
0,002 


0.001 
0,001 
0,001 
0,001 


0.001 
0.000 


u 58 62 70 728 
1.65 | 0.019 0.014 0.008 0.006 0,005 
1.70 0.023 0.016 0.012 0.007 0.005 0.004 
1675 0.020 0.014 0.010 0.006 0.004 0,003 
1.80 0.017 0.012 0.009 0.0065 0.004 0.003 
1.85 0.015 0.011 0,008 0.004 0.003 0,002 
1.90 MM 0.014 0.010 0.007 0.004 0.003 0.0@ ; 
1.95 0.018 0.012 0.008 0.006 0.003 0.02 0.0@ 
2.00 0.016 0.011 0.007 0.005 0,003 0.002 0.001 
2.10 0.013 0.009 0.006 0.004 0.002 0.001 0,001 
2220 0.011 0.007 0.005 0.004 0.001 0.001 0,001 
2.3 P| 0.009 0.006 0.004 0.003 0.001 0.001 0,002 
264 0.008 0.005 0.002 0,0@ 0,001 0.001 0.0m 
265 0.017 0.006 0.004 0.003 0.002 0.001 0.000 0.0w 
26 0.015 0.005 0.003 0.002 0,001 0.00 0.000 0.000 
267 0.013 0.005 0,003 0.02 0.001 0.000 0.000 0.000 
208 0.012 MMMM 0.004 0.002 0.001 0.001 0.000 0,000 0.000 
209 0.010 0.006 0.004 0.002 0,001 0.001 0.000 0,000 0.000 
300 0.009 0.005 0,003 0.002 0.00] 0.001 0.000 0.000 0.000 0,000 
305 06006 0.003 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.000 
4.0 0.004 0.002 0.001 0.000 0.000 0,000 0,000 0.000 0.000 0.000 
405 06003 0.001 0,001 0.000 0.000 0.000 0.000 0,000 0,000 0,000 
50 0.002 0,001 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 
600 06001 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
700 0.001 0.000 6.000 0,000 0.000 0.000 0.000 0,000 0,000 0.000 
8.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
900 0000 0,000 0.000 0.000 0.000 0.000 0.000 0,000 0,000 0,000 
1060 = 0.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0,000 
20.0 0.000 0.009 0.000 Q.000 0,000 0.000 0.000 0.000 0.000 0.000 
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u 82 8.6 90 98 
000 0.000 0.000 0.000 0.000 0.000 | 
0.02 0.020 0.020 0.020 0.020 0.020 
0.04 0.040 0.040 0.040 0.040 
0.08 0.080 0.080 0.080 0.080 0.080 
0.10 0,100 0.100 0.100 0.100 0.100 
0.12 0.120 0.120 0.120 0.120 0.120 
O14 06140 0.140 0.140 0.140 0.140 
O16 0.1680 0.160 0.160 0.160 0.18 
0.18 0.18 0.180 0.180 0.180 0.180 
0.220 0.200 0.200 0.200 0.200 0.200 
022 06220 0.220 0.220 0.220 0.220 
0624 06240 06240 0.240 0.240 0.240 
0.26 0.260 0.260 0.260 0.260 0.2600 
O28 0.280 0.280 0.280 0.280 0.280 
0.30 0.300 0.300 0.300 0.300 0,300 
0.2 0.320 0.320 0.320 0.320 0.220 
0034 06340 0.340 0.340 0.340 0.340 
0.36 0.360 0.360 0.360 0.2360 0,360 + 
0,38 0.380 0.380 0.380 0.380 0,380 
0.40 0.400 0.400 0.400 0.400 0.400 
042 00420 06420 0.420 0.40 0.420 
06440 06440 06440 0.440 04440 
046 06460 06460 0.460 0.460 0.460 
048 06480 06480 0.480 0.480 0.480 
0.50 0.500 0.500 0.500 0.500 0.500 
0.52 0520 06520 0.520 0.520 0.520 
0.54 0540 04540 0.540 04540 0.540 
0.56 06561 04560 0.560 0.500 0.560 
0658 06581 04581 0.580 0.580 0.580 
0.60 0.601 0.601 0.601 0.600 0.600 
O61] 0-611 0.611 0.610 
0.62 0.621 0.621 0.621 0.621 0.621 
0.63 0.632 0.631 0.631 0.631 0.631 
0.64 O62 06641 0641 0.641 0.641 
065 00652 06652 00651 0.651 0.651 
0.66 0.662 0.682 0.662 0.661 0.661 
067 0673 O672 0672 0.672 0.671 
0.68 0.683 0.683 0.68 0.681 
O69 06694 0.693 0.692 0.692 0,692 
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82 8H 9D 


0704 04704 04703 0.702 
0.715 0.714 0.713 
0.726 0.725 0.722 
0.736 0.734 
0.747 0.744 


0.758 0.755 
0.769 0.766 
0.780 0.777 
0.788 
0.799 


0.810 
0.822 
0.833 
0845 
0.858 


0.870 
0.883 
0.897 
0.911 
06925 


0.940 
0.957 
0.975 
0.99% 
1.016 


1.040 
1.063 


N 
0.70 0.702 
0.71 0.712 
0.72 0.723 
0.73 0.733 
0674 
0.75 06754 
0.76 0.765 
0.77 0.776 
0.78 0.787 
0.79 0.798 
080 0.815 0.813 0.811 0.809 
0.81 0827 0.825 0,823 0.820 
0.82 0.839 0.837 0,835 0.831 
0.83 0852 0.849 0.847 0-844 
0.8% 0.865 0.862 0.860 0.856 
0.85 0.878 0.875 0.873 0.868 
0.8 0.892 0.389 0,886 0.881 
0.87 0-907 04-903 0.900 0.894 
0.88 0.921 0.918 0.914 0.908 
0.89 0.937 0.933 0.929 0.922 
0 8) 0.954 0.949 0.944 0 937 
0.91 0.972 0.967 0.961 0.953 
0.92 0.991 0.986 0.980 0.970 
0.93 1.012 1.006 0.999 0.989 
0.94 1.03% 1.029 1.022 1.010 
0.950 1.062 1.055 1.047 | 1.033 
0.%0 1.097 1.08 1.074 1.053 
0.970 1.13% 1.1424 1.12 1.100 1,087 
0.975 1.157 1.147 1.134 1.122 1.108 
0.980 1.187 1.175 1.160 1.150 1.12% 
0.965 1.224 1.210 1.1% 1.183 1.165 7 
0.990 12275 1.260 1.243 1.228 1.208 
0.995 1.363 14342 1.320 1.32 1.280 
06999 16560 16530 146500 16476 14447 
1,000 @ @ @ @ @ 
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BH 90 908 
06577 06546 06519 049% 
368 


: 
N 
1001 0.6% 
1.00 0.420 
1.010 0.337 0.313 0.294 0.278 0.28 
1.015 0.289 0.269 0.255 0.237 0,223 
1.020 0.257 0.237 0.221 0.209 0.1% 
1003 0.212 0.195 0.181 0.170 0.159 
1.04 06173 0.165 0.152 0.143 0.134 
105 0.158 0.143 0.1% 0.124 0.115 
1006 0.140 0.127 0.116 0.106 0.098 
107 0.123 0.122 0.102 0.094 0.08% 
1.0 0.111 0001 0.0% 0.08% 0.077 
1.09 0.101 0.091 0.0& 0.075 0.069 
1.10 0.092 0.08 0.074 0067 0.062 
1.ll 0.08 0.075 0.067 0.060 0.055 
1.12 0.077 0,069 0.062 0.055 0,050 
1013 0.071 0.063 0.056 0.050 0.045 
1.1, 0.065 0.058 0.052 0.046 0.041 
1.15 0.061 0.054 0.048 0.043 0,038 
1616 0.056 0.050 0.045 0.040 0.035 
1.17 0.052 0.046 0.041 0.0% 0.032 
| 1.18 0.048 0.042 0.037 0.033 0,029 
1.19 0.045 0.0329 0.034 0.030 0,027 
1.20 0.043 0.037 000% 0.028 0,025 
1.22 0.037 0.0% 0.028 0.024 0,022 
124 0.032 0.028 0.024 0.021 0,018 
= 126 0.028 0.024 0.021 0.018 0.016 / 
1.28 0,025 0.021 0.018 0.016 
1.30 0,022 0,019 0.016 0.014, 0.022 
. 1.32 0.020 0.017 0.014 0.012 0010 
1.34 0.018 0.015 0.012 0.010 0.009 
1.36 0.016 0,013 0.011 0.009 0.008 
1.38 O01, 0.012 0.010 0.008 0,007 
1.40 0.013 0,011 0,009 0.007 0,006 
1.42 0.011 0,009 0.008 0.006 0,005 
144 0.010 0,008 0,007 0.006 0,005 
1046 0.009 0.008 0,006 0.005 0.004 
1648 0.009 0.007 0.005 0.004 0.004 
1.50 0,008 0,006 0.005 0.004 0,003 
1.55 0.006 0.005 0.004 0.003 0.003 
1.60 0.005 0.004 0.003 0.002 0,002 
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Table 2 - The Varied Flow Function Table (p.l2 or 12) 
N 
1.65 0.004 0,003 0.002 0.001 
1.70 0.003 0,002 0.002 0.001 0.001 
1.75 0.002 0,002 0,001 0,001 
1.80 0.00% 0.001 0.001 0.001 0,001 
1.85 0.0@ 0,001 0,001 0.001 0.001 
1.90 0.001 0,001 0.001 0,001 0,000 
1.95 0,001 0.001 0.001 0.000 0,000 
2.00 0.001 0.001 0.000 0.000 0,000 
2.10 0.001 0.000 0.000 0.000 0,000 


220 0.000 0.000 0.000 0,000 0,000 
223 0.000 0.000 0.000 0.000 0.000 
2 0.000 0.000 0,000 0,000 0,000 
265 0.000 0.000 0.000 0.000 0,000 
26 0.000 0.000 0.000 0.000 0,000 
267 0.000 0.000 0,000 0,000 0.000 
2.8 0.000 0.000 0.000 0,000 0.000 
2.9 0.000 0.000 0.000 0.000 0.000 
3.0 0.000 0.000 0.000 0.000 0,000 
305 0.000 0.000 0,000 0,000 0,000 
4-0 0.000 0.000 0.000 0.000 0,000 
405 0.000 0.000 0.000 0.000 0.000 
50 0.000 0.000 0.000 0.000 0,000 
620 0.000 0,000 0,000 0,000 0.000 
70 0.000 0,000 0.000 0.000 0,000 
8.0 0.2000 0.000 0.000 0.000 0.000 
920 0.000 0,000 0.000 0,000 0.000 
10,0 0.000 0.000 0.000 0.000 0,000 

20.0 0.000 0.000 0.000 0.000 0,000 2 
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Fig. 2. Curves of N-Values 
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Fig. 3. Curves of M-Values 
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Fig. 4. Curves for Determining the Normal Depth 
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PROCEEDINGS PAPERS 


The technical papers published in the past year are identified by number below. Technical- 
division sponsorship is indicated by an abbreviation at the end of each Paper Number, the 
symbols referring to: Air Transport (AT), City Planning (CP), Construction (CO), Engineering 
Mechanics (EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), 
Sanitary Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying 
and Mapping (SU), and Waterways (WW) divisions. Papers sponsored by the Board of Direction 
are identified by the symbols (BD). For titles and order coupons, refer to the appropriate 
issue of “Civil Engineering” or write for a cumulative price list. 


VOLUME 80 (1954) 


NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 
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553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), 566(HY), 
567(HY), 568(HY)°, 569(SM), 570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), 
577(SU), 578(HY), 579(ST), 580(SU), 581(SU), 582(BD). 


VOLUME 81 (1955) 
JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 589(ST)©, 590(SA), 591(SA), 


592(SA), 593(SA), 594(SA), 595(SA)°, 596(HW), 597(HW), 598(HW)°,599(CP), 600(CP), 601(CP), 
602(CP), 603(CP), 604(EM), 605(EM), 606(EM)°, 607(EM). 


FEBRUARY: 608(WW), 609(WW), 610(WW), 611(WW), 612(WW), 613(WW), 614(WW), 615(WwW), 
616(WW), 617(IR), 618(IR), 61901R), 620(1R), 621(IR)©, 622(IR), 623(1R), 624(HY)°, 625(HY), 
626(HY), 627(HY), 628(HY), 629(HY), 630(HY), 631(H¥), 632(CO), 633(CO). 


MARCH: 634(PO), 635(PO), 636(PO), 637(PO), 638(PO), 639(PO), 640(PO), 641(PO)*, 642(SA), 


643(SA), 644(SA), 645(SA), 646(SA), 647(SA)°, 648(ST), 649(ST), 650(ST), 651(ST), 652(ST), 


653(ST), 654(ST)°, 655(SA), 656(SM)°, 657(SM)°, 658(SM)°. 
APRIL: 659(ST), 660(ST), 661(ST)°, 662(ST), 663(ST), 664(ST)°, 665(HY)°, 666(HY), 667(HY), 
eeeeen), 669(HY), 670(EM), 671(EM), 672(EM), 673(EM), 674(EM), 675(EM), 676(EM), 677(EM), 


MAY: 679(ST), 680(ST), 681(ST), 682(ST)°©, 683(ST), 684(ST), 685(SA), 686(SA), 687(SA), 688(SA), 
689(SA)°, 690(EM), 691(EM), 692(EM), 693(EM), 694(EM), 695(EM), 696(PO), 697(PO), 698(SA), 
699(PO)°, 700(PO), 701(ST)°. 


JUNE: 702(HW), 703(HW), 704(HW)°, 705(IR), 706(IR), 707(IR), 708(IR), 709(HY)°, 710(CP), 
T11(CP), 712(CP), 713(CP)°, 714(HY), 715(HY), 716(HY), 717(HY), 718(SM)°, 719(HY)°, 
720(AT), 721(AT), 722(SU), 723(WW), 724(WW), 725(WW), 726(WW)°, 727(WW), 728(IR), 
729(IR), 730(SU)°, 731(SU). 


JULY: 732(ST), 733(ST), 734(ST), 735(ST), 736(ST), 737(PO), 738(PO), 739(PO), 740(PO), 
741(PO), 742(PO), 743(HY), 744(HY), 745(HY), 746(HY), 747(HY), 748(HY)°, 749(SA), 750(SA), 
751(SA), 752(SA)°, 753(SM), 754(SM), 755(SM), 756(SM), 757(SM), 758(CO)°, 759(SM)°, 
760(WWw)°, 


AUGUST: 761(BD), 762(ST), 763(ST), 764(ST), 765(ST)©, 766(CP), 767(CP), 768(CP), 769(CP), 
770(CP), 771(EM), 772(EM), 773(SA), 774(EM), 775(EM), 776(EM)©, 777(AT), 778(AT), 
779(SA), 780(SA), 781(SA), 782(SA)°, 783(HW), 784(HW), 785(CP), 786(ST). 


SEPTEMBER: 787(PO), 788(IR), 789(HY), 790(HY), 791(HY), 792(HY), 793(HY), 794(HY)°, 
795(EM), 796(EM), 797(EM), 798(EM), 799(EM)°, 800(WW), 801(WW), 802(WW), 803(WW), 
804(WW), 805(WW), 806(HY), 807(PO)°, 808(IR)°. 


OCTOBER: 809 (ST), 810(HW)°, 811(ST), 812(ST)°, 813(ST)©, 814(EM), 815(EM), 816(EM), 
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c. Discussion of several papers, grouped by Divisions. 
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